Purpose: This study evaluated the quantity of prosthodontic literature produced globally by continent in three prosthodontic journals over a 10-year period, 1998-2008. Prosthodontic research productivity relative to economic status of countries and collaboration among countries grouped by economic status was assessed. Materials and Methods: Three peer-reviewed prosthodontic journals were used for the analysis of
Oral disease is a global problem, affecting populations in both developed and developing countries. According to the World Health Organization, dental caries affects the majority of adults in most industrialized countries. 1 Severe periodontitis has an estimated prevalence of 5% to 15% in most populations. 1 Edentulism among adults aged 65 and over is prevalent worldwide, with reported rates ranging from 6% to 78% of populations in various countries. 2 In developing countries, access to oral health services and availability of materials for dental treatment are frequently limited. 2 Consequently, teeth are often extracted or left untreated in patients with pain. 2 As discussed in a recent review, edentulism may be associated with several comorbidities, including diabetes, cardiovascular disease, asthma, and cancer. 3 Oral health is an integral part of general health and should be addressed in both the developed and developing world.
A gap in knowledge about oral health currently exists between wealthy and poor countries. 4 To improve the health of populations globally, it has been argued that biomedical research should occur in both developed and developing countries. 6 Biomedical research can support economic development. 5 Increasing research capacity has been described as an "effective, efficient, and sustainable method for enabling developing countries to benefit from advances in knowledge." countries may not always apply to developing countries due to differences in disease epidemiology and resources available for healthcare. 6 To assess the research contributions of countries around the world, biomedical research publication has been used as an index for health research productivity. 6 Over the past decade, several studies have evaluated the quantity and quality of biomedical research publications produced around the world. [5] [6] [7] [8] [9] [10] [11] Specific bibliometric analyses have been conducted on published research in several biomedical fields. [7] [8] [9] [10] [11] However, there has been limited application of the technique to assess trends in global oral health research. [12] [13] [14] Global trends in prosthodontic research activity have not been evaluated. Therefore, the purpose of this study was to evaluate the quantity of prosthodontic literature produced globally by continent and country in three prosthodontic journals over the 10-year period, 1998-2008. In addition, prosthodontic publication productivity in relation to economic status of countries and collaboration among countries grouped by economic status was assessed.
Materials and Methods
Three peer-reviewed prosthodontic journals were used for the analysis of articles published in 1998, 2003, and 2008: The Journal of Prosthetic Dentistry (JPD), International Journal of Prosthodontics (IJP), and Journal of Prosthodontics (JP). Three investigators (DJL, JCY, CS) reviewed all articles in each journal for the 3 years included in the study. Abstracts, letters to the editor, editorials, and book reviews were excluded from the analysis. The country of the authors listed for each included article was recorded. If an article was written by multiple authors, the document was assigned to each country of every author listed. Data were recorded and entered into a software database (Microsoft Excel 2003; Microsoft Corp., Redmond, WA).
Data were tabulated by country and continent. The continent classification (North America, Europe, Asia, South America, Africa, and Oceania [Australia and proximate Pacific Islands]) was according to Rahman and Fukui. 6 The economic classification (high-income: HI; upper-middle income: UMI; lowermiddle income: LMI; and low-income: LI) of each country was obtained from the World Bank online database of World Development Indicators. [15] [16] [17] Low-and middle-income countries are classified as developing countries by the World Bank. 17 The quantity of publications for 1998, 2003, and 2008 was plotted by continent and economic groups. Additionally, the percentage of publications among countries classified by economic status that involved collaboration between authors of different countries was calculated.
Results
A total of 998 articles were included in the study for the years 1998, 2003, and 2008. Out of these articles, 124 were written by authors from multiple countries. Because each country represented was given a whole count for those articles, the final number of publications for this study was 1143. The number of articles included from each journal varied by year, but in total, 55.4% of the articles were from JPD, 27.3% were from IJP, and 17.3% were from JP. Table 1 presents the economic status of each country, the total number of publications included from each journal, and the number of articles produced each year by continent and country. While the majority of the included publications from JP and JPD originated from North America (USA), the majority of the included articles published in IJP were from Europe (Sweden and Germany). With respect to countries grouped according to economic status, the most productive countries within HI, UMI, LMI, and LI countries were the US, Brazil, Turkey, and India, respectively.
Over the 10-year period, the majority of publications were produced in Asia, Europe, and North America (92.0%). The US published the most prosthodontic articles worldwide over the study period (38.1%). Within Asia, Japan produced the most publications overall, but Turkey more than quadrupled its production from 1998 to surpass that of Japan in 2008. Germany produced the highest number of articles in Europe, followed by the United Kingdom and Sweden. While publications doubled in Germany, production declined significantly in the UK and Sweden over the 10-year period. The majority of publications from South America originated from Brazil, which more than doubled its production over the 10 years. In Figure 2 , countries are grouped according to economic status, and the trend of publication production over time is shown. While HI countries contributed approximately 84% of the total share of publications, they demonstrated a negative trend from 1998 to 2008. UMI, LMI, and LI countries increased publication production, contributing 22.9% of the total share of publications in 2008 compared with 8.5% in 1998. UMI countries showed the greatest growth in production, doubling the number of articles produced between 2003 and 2008. Table 2 lists the relative number of publications by each economic group of countries where collaboration occurred among authors of multiple countries. Out of all income groups, LMI countries had the highest percentage of collaborative articles (40.6%). In 2008, over two-thirds of publications by LMI countries were the product of collaboration. In contrast, one-third of articles by HI and LI countries resulted from collaboration. Both LI and HI countries demonstrated a positive trend in collaboration over the study period.
Discussion
In 1998, authors in North America and Europe were the most active in the production of prosthodontic publications; however, productivity declined in these two continents over the study period, while it rose by 110.6% in Asia, to equal that of Europe in 2008. Considerably fewer articles were contributed by Africa, Oceania, and South America. Europe and North n c : number of publications by countries of the given economic group that were the result of collaboration, n t : total number of publications by the countries of the given economic group.
America have historically led publication production in several biomedical fields. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] 18 While some previous analyses of biomedical literature have reported relatively consistent contributions from world regions over time, 5, 6 others have similarly observed trends of increased production by Asia and/or decreased production by North America over the past several decades. [8] [9] [10] [11] 14, [18] [19] [20] The four most productive countries in this study (US, Germany, Japan, UK) are consistent with those in bibliometric analyses of general dental and orofacial pain research. 12, 13 The trend toward increased authorship by Asia and although to a much smaller degree, South America and Africa, in the prosthodontic journals included in this study suggests that research within the specialty is being conducted more globally than in the past. It is difficult to ascertain whether this trend is due to globalization or other factors. While this study focused on the quantity of publications produced by continent, it would also be interesting to compare the distribution of articles submitted to the journals to those published, as it may provide insight into the quality of articles produced by different regions.
Given that only three journals were used in this study, it is possible to consider the results with respect to the individual journals. As the total numbers of articles included from JP nearly tripled The results of this study also indicate that although HI countries led publication production around the world, middle-and low-income countries increasingly became more involved in the publication of prosthodontic literature over time. Research on biomedical literature published in the 1990s found highincome countries far exceeded low-and middle-income countries in research productivity. 6 Similar results were found in this study; however, the positive trend in prosthodontic publication observed among middle-and low-income countries is encouraging. Gil-Montoya et al similarly found that developing countries like Turkey and Brazil demonstrated increasing numbers of dental publications. 12 While productivity in LMI countries declined from 2003 to 2008, the decrease appears in large part due to a reclassification of Turkey in the World Development Indicators from lower-to upper-middle income status in 2008.
Collaboration increased within each economic classification of countries over time. Collaboration has several potential advantages, including new knowledge production, enhanced impact of research, increased creativity, and innovation. 21 Lee et al demonstrated a strong association between collaboration and extramural funding in prosthodontics, suggesting another benefit of collaboration. 21 This study found that in all papers resulting from collaboration among multiple countries, an HI country was always involved in the publication. A significant proportion of residents in US graduate prosthodontic programs are graduates of dental schools outside the US. 22, 23 It is possible that residents training in HI countries return to their native countries following graduation, maintaining professional ties with institutions where they studied to collaborate on projects. One may speculate that the increase in publication among middleand low-income countries observed in this study could be attributed to collaboration with HI countries; however, the results demonstrate that the majority of prosthodontic articles written by these countries were independent works.
The trends observed in this study reflect a broadening diversity in the conduct of prosthodontic research globally. Edentulism and oral disease persist worldwide and may have consequences on systemic health and quality of life, making prosthodontic therapy relevant globally. Differences in epidemiologic patterns of disease and available resources highlight the need for research in developed and developing countries. 6 While information exchange between developed and developing countries is often viewed as a one-way avenue with new knowledge passing from developed to developing countries, increased research activity in developing countries can facilitate exchange in both directions. Many people in both developed and developing countries cannot afford costly prosthodontic treatments, and research conducted globally may produce novel treatment alternatives, strategies, and materials to serve all populations.
The main limitation of this study is that the data were extracted from three prosthodontic journals and, therefore, do not represent the entire body of prosthodontic literature. A previous study quantifying clinical prosthetic dentistry literature on MEDLINE in the 1990s identified 10,258 total articles published in English on the subject in over 60 journals. 24 The methodology in this study likely results in an underestimation of the number of prosthodontic works written by investigators in non-English speaking countries. Research published in journals other than those included in this study certainly contributes to scientific knowledge in the field of prosthodontics. Additionally, only 3 years within the 10-year period were analyzed. Large interannual variations of countries' publication rates have been reported in dental literature, and it is possible that the trends observed in this study do not fully account for this variability. 12 However, within its limited scope, this study provides insight into the geographic origins of publications in major prosthodontic journals widely read by the profession.
Conclusions
This study evaluated the quantity of prosthodontic literature produced globally from 1998 to 2008 in three selected prosthodontic journals. The results indicated that North America (US), Europe (Germany), and Asia (Japan) were most productive in the publication of prosthodontic articles. While HI countries contributed the most prosthodontic publications, productivity increased among low-and middle-income countries in the years studied. Collaboration within HI countries, and between HI and the other economic classes of countries increased over time, which may indicate that the prosthodontic community is increasingly engaging in research globally.
